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season is presented. The gistex eaploys one NAB vuriseity oma Tites 
seu—level ore Ssure parametera, combined sublectively by a prapnicsl 
Potesration vrecess, Ths tesaalgue is Bcolied to forecasts of mean 
eo rain, with the rormer further specifica into one of the Tires 
wnantiteative categories: trace - U.15 inches, 0.16 - v.49 inciiss, 

and 2 0.50 inches. Verification of the scnems is show: le the fora 


of centingency tables, from which are computed sxill scores sad the 


percentage or corréct forecasts. 
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develop an ob jective systen o 
oecurrence of precipitation anu, in tne case of tie .ormer, .6 
actual amount, at Menterey, 
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in 1946, utilizing viese factors, suggested tue metLiod of st. n.niae 
Lutegration Lor the developaent of an object tive forecustiug teclini ue. 
srier's method of graphical Lntegr:tion is eapleyed in tnis 
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investigation although with some modifications. Since priex's worr, 


there have been numerous papers on ob ,ective methods o: forecasting 


orecipitation (L-13). 





a. Times and Location 

with due consideration iver to tne operutional anu allitary 
use of the proposed forecasts as wall as to the availability of data, 
it was decides to develop 2 techni.ue for lorecasting precipitation 
for 3 twenty-four hour period beyinning at lOkU PST ut the Naval Air 
Facilit;, Monterey, viilizing sea-level and 500-b charts and data. 

The time of the pertinent maps available prior to tne becinning 
of the forecast period is l200Z (O4O0PST). However, this map time 
became effective after aoril, 1957, thus there existed insufficient 
1200Z data at the beginning oi this investigation. Tnerefore, only 
charts prior to Aoril, 1957 were incorporated into the aevelopnent 
of the objective system. The map tines employed are as follows: 

Sea-level 1230Z (0430PST) 
500—11b 15002 (O'7OOPST 

Tho mine mouths: Januar, , February, Barch, April, chovanber, and 
Deceuser, 1956 and January, Feoruary, and March, 1957 were chosen 
to be the aricinal data pene. Tne six tontus, hovenoer through 
April, comprise the rainy season at Monterey, while durir’g eacn 
of the otuer montis of tne year, the amounts of rrecipitation are 
less than 0.45 inches (14). 

The nine Taonths chosen contain 2 total of 2r< cases of which 
97 are raiz. cases. Table ] is a breakdown of all cases into tie 


Following rainfall categories which are used throughout tis study: 
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3. Grapnacal Intepration 
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Tne tecmilie of grachindi. “invegration as applied to forecast 
precipitation invelves tiie sélection of inaspenaet variables whica 
BA conc Wily Sie roltealto tm occ. pbilee of rally. ocatter aiaieame 
Of observed bapcinitation aounts are Blotted a9 a functiom of two 


of tne independent variables. Several observations are grouped into 


celim, bt Micy volnt elther of the following methods of analyses aay 


1) For b@4W cell, tne ratio of the Riuiker of rain cuses to tie 
total wimber o: oWses is compited. “This ire Wernes welue is plotted at 
pie cOli's ridocint. Finelly, a probability sirface is titted te tne 
conputed fre vuencles by a set of isolanes. 

2) The aritmistic mean of each cell is comButed ind plotted at 
the cell's midpoint. Then a set of isohyets is fitted to the computed 
means of each cell. 

In either case, the graphically~derived variable can be combined 
with another independent variable or with a variable whicn was 
deterzined by one of tne anoove methods. This process is repeated 
witil only one variaole remains. This final variable is then a funetion 
of all the initial independent variables. 

According to Thompson (13): 

Tne graphical technilue has tne disadvantage of a certain amount 

of subjectivity in the original combination of variables, but this 

is larzely outweighed by its relative simplicity as well as the 

fact that it eliminates the necessity ror having prior knowledge 
of, or making assumptions regarding the functional relationships 
between the Independent variaLles and deper:de:.t variate, a rewuire- 
ment common to all mathematical recsression methods. There is no 


laci. oi objectivity in the use of the sharts obtaineu frou the 
graphical analysis. 
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4. Oetermiiation of Forecast recnniue 
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a, selection of Vartan 
as implied in sectior, 3, tne initial problem was to select 
parameters which presumably are related to subse uent precipitation. 
The following, variables were chosen considering the dynamics ol the 

orecipitation process: 


Ae ear : Sea-level pressure at sureka, California, 


at 12302 (0s wat) 
ee % - cf 
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A variacle proportional te tne 500-mb csoatropLic 

relative vorticity between Mortere, aud a 

point €° of latitude upstream, as measured 

along tie 500-nb contour that passes through 

honterey at 15002 (0700 PST) 

3. AP meyeeur : Sea-level pressure difference vetweer, Lonterey 
anil Luxeha at 12302 (0430 PST) 

ie AV mRy= LAS : Sea~level pressures aiffereuce petween honverey 
and Las Vegas, Nevada at 1230. (0430 = 3T) 

Space mean height at a point 6° of latitude 

upstream from Monterey, as measured alun, tue 

500eub contour that passes throush Montere}’ 

at 1500e" (0700 857) 

ge Whh mec 3: The 500-mb heignt at Ledforc, Oregon, at 
1500. (0 G0Vr ST) 

Te TYmep + tue 500-mb temperature at Mecford at 15002 

CO7O0 ead) 

The 500—b height cifference between Moltere) 

and wedford at 13002 (0700 PST) 

9. AT mR Y= MED: The 500-mb temperature difference betvee: 

Monterey and hedferd at 15002 (0700 PST) 

The SO-mo vertical velocit; at honterer at 

15002 (0700 PST) 
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Tie abserce of a w.olsture parameter is justified by tie cunclusions 
BF tice comdttee on soautitative Rainfall Torecustiny (13) which 
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Pocitall Amirts. Goatter 2g of précibilut_lon, You tune hea 
Seeverlous CMO0IUCTLOMS OL These Six Vales, were olo=tea. Wem) 
eonbinations Were: 
che Feur and i - % : 
Pa AP miy -Cuw and Se PS 
ae % - rie and 2 « 
ite AP aRy- eve and %9 fi Pe 
Je APmcy-Evg and hhh meo 
Oe PeUr and APmAKy- Las 
macn of the above cruphs was analyzed in the manner aescribed 
oy method two in Section 3, with the following exception: the zere 
line was dravm as the best separation between rain ana no rain cases, 
After careful inspection of ald six graphs, two (Figures 1 and 
2) were selected because these analyzed gruphs inaicated tne best 
separation between ruin and no rain cases ano tne isohyets were 
rezular ana yielded a reasonable and explainable pattern. 
The lacs of a sufficient number of observations greater than 
0.50 inch (only 9 out of 97 or approximately 9%) is the reason for 
the abrupt termination of the analysis wit tne 0.50 inch isonyet. 
The use of more months of data would remedy this situation, although 


twenty-four hour orecipitation amounts greater tnan 0.50 inch are 


not a comzon occurrence at honterey (15). 
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C. telationsnip of Selected Varaables zo Precinitatigm. 
The relationsidp of the selected variables io precivitaficd, as 
ceverininued frowi Figures 1 ana 2, are 6a Solleve: 


Vern 2X, ¢ The shaslevel Gressure at bureka is a os easure of 
the central pressure (and) Hence antlensity) of the storm system. 

$ a “ . 7 = - 
aifecting Montere;, since che aermal star trac! for the months anc laders 
ii. tnis study is in the vicinity of sureka (15). Surexa's sea-level 
ePessire varies indirectly with boniere,'s precipitatior. for pressuxcs 
meater taan 100C mbs, _1ite reasomoly indicating definite syclonic 
flow wits larser "values cf raicfali. roviever, it is to ce notea that 
for pressures lower than OOO mbps the erecipitation varies directl, 
with sressure. At taese Low prossu.es “ne local area is likelr to oa 
Wiead of, al, or [vst behind the center uf Whe systen,. Thus, twese 


tures areas, taxen togetuer, do not specify a partic dar relationship 





Wate precipitation. 











te = Y= x, 3: The variaslesf » and ia Can o€ considered 
proportional to the 50G-mb rsostropiic relative vorticity and have 
been determined in the marncr explained in (17, 13,. Thus, the 
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geostrophic relative vorticity: f gig/fd® (4, ¢ 4o + 43 ¢ 4)~ bdo). 


Considering 2/fd* as a constant, (hy, 7 zg is proportional to 
% 
Le ‘ oF c ; 
(2) ¢ Zo #2, x 4 - bZo). 

Utilizing this relationship for the particular application at 
Rand, ( 1s elLual to 7 ake Hence, Ty is equivalent to the sum 
of 500-tb Leights: Hy) “25 43, and 4, at Ustances: d,, d, d,; and 
q) respectively, from honterey, minus four times tne 500—mb height 
at Monterey: 4 4). A similar operation uetermines 7 g for a point 


8° of latitude upstream fram Montere;. Tne following sketcn 


exemplifies the grid used in this calculation; 
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The significance off, and % y ie in the manner in which 
they are measured, Tne algebraic sign of the variable (Ta ~Fy) 
can be consisered as representative of tne alsebraic sits of the 500-mh 
advection of peostrophic relative vorticity at a peint half way distant 
between Monteres and the location 8° latitude upstream, Of course, this 
a S - e z ° fa} > r 
will be pe geneccd only if tne advection of vorticity along the 


contour between F, and Ps aces not chanse algebraic sign. The tvio 
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foliLowing examples show typical situations schematically: 
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Example 1; 
ee ee ne rare 
Algebraic sigri o: a7fy is represe:tative of the advection 


ay a point halfway between P,, and Pg. 
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Figure 2, whicn is a scatter diagram of observed orecipitation 
amounts plotted as a function of APmey-eur and KPmay- LAS 
with lsohyets of Yo, shows that the maximum value of the isopletas 
is associated with large positive values of AP wey- EUR and 
slightly negative values of APmyy-uas - 

As the values of APiagy- Evk algebraically decrease, Afmwey- LAS 
becomes more positive for maximun precipitation amounts. 

d. Preparation of Final Forecast Graph 

Fisure 3 was prepsred similar to Figures 1 and 2, using the 
variables Y, and Yo as derived from the two latter figures. However, 
only that data yielding isohyet values of Y, anaY, =O were used 
a3 a basis ror the construction ot the YL, isohyets in Figure 3. 

From the Y3 values obtained for each observation plotted in 
Figure 3, a contingency table (Table 2) of six classes of Y, and 
four categories of observed precipitation was prepared, 

Table 3, which shows the cumulative frecuencies and per cent 
occurrences of the various pracipitation categories as a function of 
classes of Y3, was prepared using the data of Table 2. The cumilative 
frequencies obtained in Table 3 were then plotted against tne midpoints 
of the various TY intervals. Following tnis, the data were analyzed 
in order to separate the four precipitation categories as shown in 
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Contingency table showing verification of objective forecasts (four 
categories) for independent test data (Fed. and Mar., 1958). 
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Contingency table showing verification of objective forecasts 
(rain and no rain) for independent test data (Feb. and Mar., 1958). 


30 





Conel.siens 
tee CALs 


« 
ae 


ic Sa pis! yi ey 


Ag the T25ULTS ciLearly Wrist We , 
* eau 


and no-r2ein cases car be conmsiuer ed aw good as or nevter 
ub octive metnods, Besides being correct asproxmiet 


ce 
‘ 


considerable amount of 3ki]1] inveived. 
*+ne ceocurrence 


S| Proe ability ton Wh & 


: 
vet 


of the tine, there is @ 
% 


+f rein is forecast 


a 


Fe 


over, tnough the 


of a given amount of precip itatio? cali Me outeined. 


ifications o- She Tu { 
a Er pose. erge, kee! LOTS. 


oy. legs than the rain or vo-rain dorecsses, 
aw } 3 RG a. 


pemite wil, 
lerecas* is impcrtgnt for industrias eri. eee os 
oerablons, 
Tt ce apoareat that an Sorocss any topper precipitation amounts 
heme bxcater tian G0. inciibs), ols system peecs pro VveMens . 
sitialabaanilea, 10% 


ee eT orelitinary attempts LG Memcdy tyts 3 
“st observe. brec\aimrt.on 2% 


oie VY rialtic, 


i. Y., was plotted 
7 


-. wie ere. ay re ~~ we er. . ; @ ~ = :* - » ‘ a 
Seieriicoes of tithing a mess assicon line te correct io + qu oer~ 
+ } = o >= - Ls t + . A + x . iM fA ‘ 
0 4 —_ Le Ge ai wy ie ma Alita if wm @ THs A. $25 Led > an ae we =. oe ye \¢. 
ag ae AE 2OL 


Mie recommerd tions 3, 


feeeter es polets 
a ay ‘ ~ $ “ea ee - F Lot v le hy ° ce 4 le 4 s ‘T é ' s? C aa on = eg a ae Ma 4 ea s>° 4 
a malt do Ja Pea 7% a pe es Coe ee ad s¢4 ) ws Nut J oe | Met ara vf who Fy deal, Te —_ inst rT re \- o 
: mise. Te a .) wea }= ey IL : ¢ pe cr 
ry rr i. Phe fe Ame ™ ‘fe bebe ae je ae. Be ts ‘ Us we us C3 mS 
_ ~ ’ 1 te 7 S i 3 4 : ~~! + - a mis r = we « } 
a Be We 7 5 3. ey * aa te : y a 2 Ve £; ih ail i a Ye b ma elses wn: ‘ ty hagee eae ae 
3 4 
OF ..2@ reader 


Wecieiues Used 2 otver loeulitia®. Form 4.28 Cteparest 


is referred to (13). 





Lien . - A ~~ = * * P ~ ~~ ae 
ia retest aa +4-O808 Lor c WA with ae Ol ta & =e! 


nm “ : - co, tea * + * yw ft - < ~ ~ . * 
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toils investigation pecarse oi tine Jdcatationse: 


2. Tia Mamber of varsebles lucor porated in tnis obyective 


i 
wy 


system shoula te increased to ermance taé torechsting accumac,. It 
% 
oplieved tiat » Lovwe-tropos nere temperatire paralieter, a3 @ Met ture o4 
air-mass stabilit:, #ovid pave batter resulte i:. forecasting the 
rainfall category > 0.90 inches, aAlisc, a Tieasure of tne localat 
Peowmity to tie ,et axils magit increase tue accuracy of tne ob esti 
methed, In fact, a number of parasaeters, well~correlasted with 
precipitation, eovld be included in this system. 

6. The amount of ordinal data should be increased @:3 this, 
peoy WOuld probabl; lead to better results in the largest rainfall 
Gaverory. 

GC. An investipation should be cerried out to determine tne Givec = 
of applying current (i.e. 1200Z) maps te tne objective wetuod, In 
particular, the fact that the vorticity dirference on current maps 
is taken three hours earlier than that for the original data may have 
a Significant effect on the results. 

d. Ag an alternative to c. above, this objective method could be 
redeveloped with current observations when sufficient data is availsble. 
e. The verifications of the months of February ana March, 1958 
suggest the extreme departure of rainfall from normalcy as a possible 
correction factor to increase the forecast accuracy of the largest 

precipitation category. This may be checked further as adeuuate 
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¥ ° 3 
records are now becoming available for this locality. 


#The Aerology Department, U. S. aval rostgraquate School, is currently 
conducting a proyram of collecting daliy rainfall cata frau a mamber 
of local observation points manned ny voLunveer ovservers, 
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f, An area-averacec prezipitation amount woulo be of cousaderable 
importance since a recent study (15) nas indicated that rainfall at the 
Naval Air Facility, Monterey, is 1l5% below the averaye for the Monterey 
Peninsula. 

@. The forecast period should ne extended eventually to cover 


% 
a 36- and possibly a 48-hour period. 
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